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ADVANTAGE - Failsafe control for discharge lamp. 
ABSTRACTED- PUB-NO: US 6002215A 
EQUIVALENT -ABSTRACTS : 

The discharge lamp, for a vehicle, is powered by a DC-AC converter (3) driven 
by a DC control circuit (6) . A monitoring circuit (4) measures the lamp 
current or lamp voltage during the switching cycle and from the measured values 
derives a short circuit current, or a leakage current. If the leakage is above 
a set level, or if a short circuit is detected, a shut-down signal is generated 
to switch off the lamp. 

The shut-down control is inhibited if there is a voltage fluctuation in the 
supply voltage. The shut-down control prevents undue overheating through 
leakage tracks e.g. if there is a series short through moisture. 

USE - High intensity headlamp for vehicle. 

ADVANTAGE - Failsafe control for discharge lamp. 

CHOSEN -DRAWING: Dwg.1/12 

TITLE-TERMS: CONTROL CIRCUIT DISCHARGE LAMP MONITOR CIRCUIT DETECT SHORT 
CIRCUIT LEAK CURRENT LAMP ACTIVATE SHUT=DOWN 

DERWENT- CLASS: Q71 X26 

EPI - CODES : X2 6 - CO IX ; 



SECONDARY-ACC-NO : 

Non-CPI Secondary Accession Numbers: N1999-008172 




7) The third exemplary embodiment of the invention represented in FIG. 3 has 
a mains voltage input with the mains voltage terminals j30, j31, a filter and a 
mains voltage rectifier GL3 , a step-up convertor HS3 connected downstream, an 
intermediate circuit capacitor C30, which is connected to the output of the 
step -up convertor HS3 and supplies the supply voltage for an invert or HW3 . 
Connected downstream of the invertor HW3 is a load circuit which is designed as 
a resonant .circuit and has the resonance inductor L30, the capacitors C31, C32 
and two electrical terminals j32, j 33 for the at least one induction coil L31 
of an electrodeless discharge lamp LP3 . The invertor HW3 is driven with the 
aid of a control circuit S3. The ignition capacitor C31 is connected in 
parallel with the terminals j32, j33. One terminal of the balancing capacitor 
C32 is connected to the invertor HW3, while the other terminal of the balancing 
capacitor C32 is connected via the tap V30 to the resonance inductor L30. This 
circuit arrangement additionally has a non- reactive resistor R30, which is 
connected to the positive pole of the intermediate circuit capacitor C30, on 
the one hand, and to the tap V30 in the load circuit, on the other hand. The 
tap V30 is furthermore connected to an input of the control circuit S3 . The 
control circuit S3 has a monitoring element which is connected upstream or 
integrated into the control circuit, said monitoring element being, for 
example, a logic circuit which monitors the electrical potential at the tap V30 
and forwards a corresponding evaluation signal to the control unit S3. If no 
lamp LP3 is connected to the terminals j32, j33, then the tap V30 is at a 
comparatively high electrical potential essentially determined by the charge 
state of the intermediate circuit capacitor C30. If, on the other hand, at 
least one lamp LP3 is connected to the terminals j32, j33, then the tap V30 is 
connected to earth via the resonance inductor L30 and the induction coil L31 
and the tap V30 is therefore at a comparatively low electrical potential. The 
monitoring element generates a digital or analogue evaluation signal 
corresponding to the electrical potential at the tap V30 and feeds said signal 
to the control circuit S3 . The control circuit S3 is designed in such a way 
that it enables the . invertor HW3 to start oscillating only when the electrical 
potential at the tap V30 falls below a predetermined value prescribed by the 
dimensioning of the circuit components. This ensures that no ignition attempts 
are made in the absence of a lamp LP3 . 

(8) The fourth exemplary embodiment of the invention represented in FIG. 4 
has a mains voltage input with the mains voltage terminals j40, j41, a filter 
and a mains voltage rectifier GL4, a step-up converter HS4 connected 
downstream, an intermediate circuit capacitor C4 0, which is connected to the 
output of the step -up converter HS4 and supplies the supply voltage for an 
invertor HW4 . Connected downstream of the invertor HW4 is a load circuit which 
is designed as a resonant circuit and has the resonance inductor L4 0, the 
capacitors C41, C42 and two electrical terminals j42, j43 for the at least one 
induction coil L41 of an electrodeless discharge lamp LP4 . The invertor HW4 is 
driven with the aid of a control circuit S4 . The ignition capacitor C41 is 
connected in parallel with the terminals j42, j43. One terminal of the 
balancing capacitor C42 is connected to the invertor HVJ4 , while the other 
terminal of the balancing capacitor C42 is connected via the tap V4 0 to the 
resonance inductor L40. The tap V40 is furthermore connected to an input of 
the control circuit S4 . This circuit arrangement additionally has a 

non- reactive resistor R4 0, which is connected to the positive pole of the 
intermediate circuit capacitor C4 0, on the one hand, and to a tap between the 
resonance inductor L40 and the terminal j42 in the load circuit, on the other 
hand. The control circuit S4 monitors the electrical potential at the tap V40. 
If no lamp LP4 is connected to the terminals j42, j43, then the tap V4 0 is at a 
comparatively high electrical potential essentially determined by the charge 
state of the intermediate circuit capacitor C40. If, on the other hand, at 
least one lamp LP4 is connected to the terminals j42, j43, then the tap V40 is 
connected to earth via the induction coil L41 and the tap V4 0 is therefore at a 
comparatively low electrical potential. The control circuit S4 has a 
monitoring element which is connected upstream or integrated into the control 
circuit, said monitoring element being, for example, a logic circuit which 
monitors the electrical potential at the tap V40 and generates a corresponding 
digital or analogue evaluation signal and feeds it to the control unit S4 . The 
control circuit S4 is designed in such a way that it enables the invertor HW4 
to start oscillating only when the electrical potential at the tap V40 falls 
below a predetermined value prescribed by the dimensioning of the circuit 
components. This ensures that no ignition attempts are made in the absence of 
a lamp LP4 . 

(9) The invention is not restricted to the exemplary embodiments explained in 
more detail above. By way of example, it is possible for the invention not 
just to be applied to externally controlled half -bridge invertors, rather it 
can also be applied to other voltage invertors such as, for example, 
full-bridge invertors or free-running half -bridge invertors. 



(10) The circuit arrangement of the fifth exemplary embodiment as represented 
in FIG . 5 shows the application of the invention to a full -bridge invertor. 

The circuit arrangement according to the fifth exemplary embodiment has, in a 
manner similar to that described for the first exemplary embodiment, a mains 
voltage connection, a filter and a mains voltage rectifier and also a step-up 
converter, which are not represented in FIG. 5. The terminals j50, j51 shown 
in FIG. 5 are connected to the output of the step-up converter, with the result 
that the intermediate circuit capacitor C50 is connected in parallel with the 
output of the step-up converter. A full -bridge invertor comprising the 
switching transistors Ql, Q2, Q3 , Q4 and a control circuit (not represented) is 
connected downstream of the intermediate circuit capacitor C50. A resonance 
inductor L50, an ignition capacitor C51 and a balancing capacitor C52 are 
arranged in the bridge path of the full -bridge invertor Ql, Q2, Q3 , Q4 . Two 
electrical terminals j52, j53 are connected in parallel with the ignition 
capacitor C51 and serve for the connection of at least one induction coil L51 
of an electrodeless discharge lamp LP5 . Furthermore, the circuit arrangement 
has a non-reactive resistor R50, which is connected to the positive pole of the 
intermediate circuit capacitor C50, on the one hand, and to a tap in the bridge 
path, on the other hand, and a current lead j54, which connects the control 
circuit (not represented) of the full-bridge invertor Ql, Q2, Q3, Q4 to a 
further tap in the bridge path. A DC path is produced in this way, into which 
are connected, proceeding from the positive pole of the intermediate circuit 
capacitor C50, the non-reactive resistor R50, the resonance inductor L50, the 
terminal j52, the induction coil L51 of the discharge lamp LP5, the terminal 
j53 and the current lead j54. This DC path is interrupted in the absence of a 
discharge lamp LP5 . In that case, the control circuit, which, by way of 
example, may be designed as an integrated circuit in a manner similar to that 
in the first exemplary embodiment, receives no supply voltage and the 
full-bridge invertor Ql, Q2, Q3 , Q4 cannot start to oscillate. The circuit 
arrangement does not, therefore, make any ignition attempts in the absence of a 
discharge lamp LP5 . 

(11) FIG. 6 shows the application of the invention to a free -running 

half -bridge invertor according to a sixth exemplary embodiment. This circuit 
arrangement has, in a manner similar to that described for the first exemplary 
embodiment, a mains voltage terminal, a filter and a mains voltage rectifier 
and also a step-up converter, which are not represented in FIG. 6. The 
terminals j60, j61 shown in Figure [lacuna] are connected to the output of the 
step-up converter, with the result that the intermediate circuit capacitor C60 
is connected in parallel with the output of the step-up converter. A 
half -bridge invertor formed by the two switching transistors Q5, Q6 is 
connected downstream of the intermediate circuit capacitor C60 . A load circuit 
which is designed as a resonant circuit and has a resonance inductor L60, an 
ignition capacitor C61, a balancing capacitor C62 and two electrical terminals 
j62, j 63 --arranged in parallel with the ignition capacitor C61--for at least 
one induction coil L61 of an electrodeless discharge lamp LP6 is connected to 
the centre tap between the two switching transistors Q5, Q6 . This circuit 
arrangement additionally has a non- reactive resistor R60, which is connected to 
the positive pole of the intermediate circuit capacitor C60, on the one hand, 
and to a tap in the load circuit, on the other hand, for example to the centre 
tap between the two switching transistors Q5, Q6, and a current lead j64, which 
connects a second tap in the load circuit, said tap being located between the 
terminal j63 and the balancing capacitor, to an input of the control circuit 
(not represented) of the half -bridge invertor Q5, Q6 . The control circuit of 
the half -bridge invertor Q5, Q6 comprises a transformer (not represented) 
having a primary winding connected into the load circuit of the half -bridge 
invertor and two secondary windings each connected to the control electrode of 
one of the two switching transistors Q5, Q6, and also a starting circuit which, 
with the aid of a diac, generates trigger pulses for the control electrode of 
the switching transistor Q6 in order to enable the half-bridge invertor to 
start oscillating. Such a free -running half -bridge invertor with such a 
control circuit is described for example in the German Patent Application with 
the official file reference 196 50 110.5. 

(12) The current lead j64 is connected to the input of the starting circuit. 
In the absence of a discharge lamp LP6 , the balancing capacitor C62 is charged 
only to an insufficient extent owing to its very large capacitance in 
comparison with the ignition capacitor C61, and the voltage drop across the 
balancing capacitor C62 is therefore comparatively small. Therefore, the 
starting circuit is supplied with voltage only to an insufficient extent via 
the current lead j64 in the absence of a discharge lamp LP6, with the result 
that the half -bridge invertor cannot start oscillating. 

(13) FIGS. 7 to 13 show exemplary embodiments for circuit arrangements for 
operating two electrodeless discharge lamps in each case. 



(14) The circuit arrangement according to the seventh exemplary embodiment as 
represented in FIG . 7 has a mains voltage input j70, j71, a filter circuit with 
a mains voltage rectifier GL7 connected downstream, said filter circuit being 
connected to the mains voltage input, a step-up converter HS7 connected to the 
DC voltage output of the rectifier GL7, an intermediate circuit capacitor C70 
arranged in parallel with the output of the step-up converter HS7, and an 
externally controlled half -bridge invertor HW7, whose input is connected in 
parallel with the intermediate circuit capacitor C70. The half -bridge invertor 
HW7 is driven by means of an integrated circuit IC7, which receives its supply 
voltage via its terminals j72 and j73 and the resistors R70, R71 and R72 . Two 
load circuits which are connected in parallel and are designed as resonant 
circuits are connected to the half -bridge invertor HW7, said load circuits each 
having a resonance inductor L72 and L73, respectively, a resonance capacitor 
C71 and C73, respectively, and also a further capacitor C72 and C74 , 
respectively, and an electrodeless discharge lamp LP70 and LP71, respectively. 
The supply current for the integrated circuit IC7 flows via the two resonance 
inductors L72, L73 and via the induction coils L71 and L72 of the two 
electrodeless discharge lamps LP70, LP71. If one of the discharge lamps LP70 
or LP71 is absent, then the integrated circuit IC7 is not supplied with voltage 
and the half -bridge invertor HW7 cannot start oscillating. 

(15) The eighth exemplary embodiment represented in FIG. 8 has a mains 
voltage input j80, j81, a filter circuit with a mains voltage rectifier GL8 
connected downstream, said filter circuit being connected to the mains voltage 
input, a step-up convertor HS8 connected to the DC voltage output of the 
rectifier GL8, an intermediate circuit capacitor C80 arranged in parallel with 
the output of the step-up converter HS8, and an externally controlled 

half -bridge invertor HW8, whose input is connected in parallel with the 
intermediate circuit capacitor C80. The half -bridge invertor HW8 is driven by 
means of an integrated circuit IC8, which receives its supply voltage via its 
terminals j82 and j83 and the resistors R80, R81, R82 and R83 . Two load 
circuits which are connected in parallel and designed as resonant circuits are 
connected to the half -bridge invertor HW8 , said load circuits each having a 
resonance inductor L82 and L83, respectively, a resonance capacitor C81 and 
C82, respectively, and also a further capacitor C82 and C84, respectively, and 
an electrodeless discharge lamp LP80 and LP81, respectively. In this case, the 
supply current for the integrated circuit IC8 does not flow via the two 
resonance inductors L82, L83, as in the case of the seventh exemplary 
embodiment, but rather only via the induction coils L81 and L82 of the two 
electrodeless discharge lamps LP80, LP81. If one of the discharge lamps LP80 
or LP81 is absent, then the integrated circuit IC8 is not supplied with voltage 
and the half -bridge invertor HW8 cannot start oscillating. 

(16) The ninth exemplary embodiment of the invention as represented in FIG. 9 
has a mains voltage input with the mains voltage terminals j90, j91, a filter 
and a mains voltage rectifier GL9, a step-up convertor HS9 connected 
downstream, an intermediate circuit capacitor C90, which is connected to the 
output of the step -up convertor HS9 and supplies the supply voltage for an 
invertor HW9 . Two load circuits which are connected in parallel and are 
designed as resonant circuits are connected to the invertor HW9 , said load 
circuits each having a resonance inductor L90 and L91, respectively, capacitors 
C91, C92 and C93, C94, respectively, and two electrical terminals j92, j93 and 
j94, j95, respectively, for the at least one induction coil L92 and L93, 
respectively, of an electrodeless discharge lamp LP90 and LP91, respectively. 
The invertor HW9 is driven with the aid of a control circuit S9 . The 
respective ignition capacitors C93 and C94 are connected in parallel with the 
respective terminals j92, j93 and j94, j95. One terminal of the balancing 
capacitors C91 and C92 is respectively connected to the invertor HW9, while 
their other terminal is connected to the resonance inductor L90 and L91, 
respectively, via the tap V90 and V91, respectively. This circuit arrangement 
additionally has two non-reactive resistors R90, R91, which are each connected 
to the positive pole of the intermediate circuit capacitor C90, on the one 
hand, and to the tap V90 and V91, respectively, in the respective load circuit, 
on the other hand. The taps V90, V91 are furthermore respectively connected to 
an input of the control circuit S9. The control circuit S9 has a monitoring 
element which is connected upstream or integrated into the control circuit, 
said monitoring element being, for example, a logic circuit which monitors the 
electrical potential at the taps V90 and V91 and forwards a corresponding 
evaluation signal to the control unit S9. If no lamp LP90, LP91 is connected 
to the terminals j92, j93 or j94, j95, then the tap V90 or V91, respectively, 

is at a comparatively high electrical potential essentially determined by the 
charge state of the intermediate circuit capacitor C90. If, on the other hand, 
a lamp LP90 or LP91, respectively, is connected to the terminals j92, j93 or 
j94, j 95, respectively, then the tap V90 or V91, respectively, is connected to 
earth via the respective resonance inductor L90 or L91 and the corresponding 
induction coil L92 or L93, respectively and the tap V90 or V91, respectively, 



is therefore at a comparatively low electrical potential. The monitoring 
element generates a digital or analogue evaluation signal corresponding to the 
electrical potential at the tap V90 or V91, respectively, and feeds said signal 
to the control circuit S9. The control circuit S9 is designed in such a way 
that it enables the invertor HW9 to start oscillating only when the electrical 
potential at the taps V90 and V91 falls below a predetermined value prescribed 
by the dimensioning of the circuit components. This ensures that no ignition 
attempts are made in the absence of a lamp LP90 or LP91. 

(17) The tenth exemplary embodiment represented in FIG. 10 largely 
corresponds to the ninth exemplary embodiment . The method of operation of the 
circuit arrangements of these two exemplary embodiments is identical. The 
resistors R90, R91 have simply been replaced by the equivalent resistors R90 1 
and R91', which are connected to the positive terminal of the intermediate 
circuit capacitor C90, on the one hand, and to a tap arranged between the 
resonance inductor and the lamp in the respective load circuit, on the other 
hand. All the other components correspond to one another. Therefore, the same 
reference symbols have been used for identical components in FIGS. 9 and 10. 

(18) The circuit arrangement of the eleventh exemplary embodiment as 
represented in FIG. 11 shows the application of the invention to a full-bridge 
invertor for operating two electrodeless discharge lamps LP110, LP111 connected 
in parallel. The circuit arrangement according to this exemplary embodiment 
has, in a manner similar to that described for the first exemplary embodiment, 

a mains voltage connection, a filter and a mains voltage rectifier and also a 
step-up convertor, which are not represented in FIG. 11. The terminals jllO, 
jlll shown in FIG. 11 are connected to the output of the step-up convertor, 
with the result that the intermediate circuit capacitor C109 is connected in 
parallel with the output of the step-up converter. A full-bridge invertor 
comprising the switching transistors QUO , QUI, Q112, Q113 and a control 
circuit (not represented) is connected downstream of the intermediate circuit 
capacitor C109. Two resonant circuits which are connected in parallel and each 
have a resonance inductor L110 and Llll, respectively, an ignition capacitor 
C110 and Clll, respectively, and a balancing capacitor C112 and C113, 
respectively, are arranged in the bridge path of the full -bridge invertor QUO, 
QUI, Q112, Q113. Two electrical terminals jll2, jll3 and jll4, 115 are 
respectively connected in parallel with the respective ignition capacitor C110 
and Clll and serve for the connection of at least one induction coil L112 and 
L113, respectively, of an electrodeless discharge lamp LP110 and LP111, 
respectively. Furthermore, the circuit arrangement has a non- reactive resistor 
R110, which is arranged in parallel with the switching path of the transistor Q 
110, and two current leads jll6, 117, which connect the control circuit (not 
represented) of the full -bridge invertor QUO, QUI, Q112, Q113 to a respective 
tap in one of the bridge paths in each case. Two DC paths are produced in this 
way, into which are connected, in each case proceeding from the positive pole 
of the intermediate circuit capacitor C109, the non-reactive resistor R110, the 
first resonance inductor L110, the terminal jll2, the induction coil L112 of 
the first discharge lamp LP110, the terminal jll3 and the first current lead 
jll6, and, respectively, the non- reactive resistor R110, the second resonance 
inductor Llll, the terminal jll4, the induction coil L113 of the second 
discharge lamp LP111, the terminal jll5 and the second current lead jll7. If 
one of the discharge lamps LP110 or 111 is absent, then one of these DC paths 
is interrupted. In that case, the control circuit, which, by way of example, 
may be designed as an integrated circuit in a manner similar to that in the 
case of the seventh exemplary embodiment, receives no supply voltage and the 
full-bridge invertor cannot start oscillating. The circuit arrangement does 
not make any ignition attempts in that case. 

(19) FIG. 12 shows, according to the twelfth exemplary embodiment, the 
application of the invention to a free -running half -bridge invertor for 
operating two electrodeless discharge lamps connected in parallel. This 
circuit arrangement has, in a manner similar to that described for the first 
exemplary embodiment, a mains voltage connection, a filter and a mains voltage 
rectifier and also a step-up converter, which are not represented in FIG. 12. 
The terminals jl20, jl21 shown in FIG. 12 are connected to the output of the 
step-up converter, with the result that the intermediate circuit capacitor C120 
is connected in parallel with the output of the step-up converter . A 

half -bridge invertor formed by the two switching transistors Q120, Q121 is 
connected downstream of the intermediate circuit capacitor C120. Two load 
circuits which are designed as resonant circuits and are arranged in parallel 
with one another are connected to the centre tap between the two switching 
transistors Q120, Q121, said load circuits each having a resonance inductor 
L120 and L121, respectively, an ignition capacitor C121 and C123, respectively, 
a balancing capacitor C122 and C124, respectively, and two electrical terminals 
jl22, jl23 and jl24, jl25, respectively, for at least one induction coil L122 
and L123, respectively, of an electrodeless discharge lamp LP122 and LP121, 



respectively, said electrical terminals being arranged in parallel with the 
respective ignition capacitor C121 and C123. This circuit arrangement 
additionally has a non-reactive resistor R120, which is connected to the 
positive pole of the intermediate circuit capacitor C120, on the one hand, and 
to the centre tap between the two switching transistors Q120, Q121, on the 
other hand, and two current leads jl26, jl27, which in each case connect a tap 
in the respective load circuit to an input of the control circuit (not 
represented) of the half -bridge invertor Q120, Q121, said tap being located 
between the terminal jl23 and jl25, respectively, and the corresponding 
balancing capacitor C122 and C124, respectively. The control circuit of the 
half -bridge invertor Q120, Q121 comprises a transformer (not represented) 
having a primary winding connected into the load circuit of the half -bridge 
invertor and two secondary windings which are respectively connected to the 
control electrode of one of the two switching transistors Q120, Q121, and also 
a starting circuit which, with the aid of a diac, generates trigger pulses for 
the control electrode of the switching transistor Q121 in order to enable the 
half -bridge invertor to start oscillating. Such a free-running half -bridge 
invertor with such a control circuit is described for example in the German 
Patent Application with the official file reference 196 50 110.5. 



of the 

transistor Ql and the emitter terminal of the transistor Q2 or the 
emitter 

resistor R5, is arranged in parallel with the smoothing capacitor C3 . 
A load 

circuit designed as a series resonant circuit is connected to the 
voltage 

output, that is to say to the centre tap M, of the half -bridge inverter 
Ql, Q2. 

The load circuit has the primary winding Nl of the toroidal -core 
transformer 

belonging to the driving apparatus, a coupling capacitor C4, a lamp 
inductor L5 

and a resonance capacitor C6, which are all connected in series. The 
centre 

tap M of the half -bridge . inverter Ql, Q2 is connected via the primary 
winding 

Nl, the coupling capacitor C4 , the lamp inductor L5 and the resonance 
capacitor 

C6 to the anode of the diode Dl and to the junction point j3. The 
circuit 

arrangement furthermore has a trapezoidal capacitor C7, whose first 
terminal is 

connected to the anode of the diode Dl and to the junction point j3 and 
whose 

second terminal is connected to the centre tap M of the half -bridge 
inverter 

Ql, Q2 . In addition, the circuit arrangement has a starting apparatus 
comprising a diac DC, a starting capacitor C9, a resistor R7 and a 
diode D4 , 

and terminals j5, j6, j7, j8 for two series-connected low-pressure 
discharge 

lamps LP1, LP2 and an auxiliary ignition capacitor C8 . The auxiliary 
ignition 

capacitor C8 is arranged in parallel with the second low-pressure 
discharge 

lamp LP2 . A first terminal of the auxiliary ignition capacitor C8 is 
connected 

via a node in the load circuit to the resonance capacitor C6 and to 
the lamp 

inductor L5 . The second terminal of the auxiliary ignition capacitor 
C8 is 

connected to the second electrode of the first low-pressure discharge 
lamp LP1 

and to the first electrode of the second low-pressure discharge lamp 
LP2 . The 

first electrode of the first low-pressure discharge lamp LP1 is 
connected via 

the terminal j5 to the cathode of the diode Dl, to the collector of the 
transistor Ql and to the positive terminal of the smoothing capacitor 
C3 and 

via the terminal j6, the resistor R7 the starting capacitor C9 to the 
terminal 

j4 and also to the negative terminal of the smoothing capacitor C3 . 
The second 

electrode of the second low-pressure discharge lamp LP2 is connected 
via the 

terminal j 8 to the lamp inductor L5, to the resonance capacitor C6 and 
to the 

auxiliary ignition capacitor C8 . 

(5) After the circuit arrangement has been switched on, the mains 



voltage 

rectified by the mains voltage rectifier GL is present across the back- 
up 

capacitor C2 . The starting capacitor C9 is charged to the breakdown 
voltage of 

the diac DC via the diode Dl and the resistor R7, with the result that 
the diac 

DC generates trigger pulses for driving the base electrode of the 
transistor Q2 

and thereby triggers the initiation of the oscillation of the half- 
bridge 

inverter Ql, Q2 . With the aid of the toroidal -core transformer RK, the 
base 

electrodes of the transistors Ql, Q2 are driven in such a way that the 
transistors Ql, Q2 switch alternately. After the turn-on of the 
transistor Q2 , 

the starting capacitor C9 is discharged via the diode D4 , via the 
switching 

path of the transistor Q2 and via the emitter resistor R6 to such an 
extent 

that the diac DC no longer generates further trigger pulses. A high- 
frequency 

alternating current, whose frequency is determined by the switching 
cycle of 

the transistors Ql, Q2 , flows through the load circuit and through the 
series-connected lamps LP1, LP2 . A DC voltage whose value corresponds 
approximately to 1.4 times to 1.5 times the peak value of the mains 
voltage is 

built up across the smoothing capacitor C3 . The coupling capacitor C4 
is 

charged approximately to half of the voltage present across the 
smoothing 

capacitor C3 . Due to alternate switching of the transistors Ql, Q2 , 
the centre 

tap is alternately connected to the negative and to the positive 
terminal of 

the smoothing capacitor C3 and the potential of the centre tap is 
correspondingly decreased or increased. As a result, a high-frequency 
alternating current determined by the transistor switching cycle flows 
in the 

load circuit. During the switching intermissions of the transistors 
Ql, Q2, 

during which both transistors Ql, Q2 are in the off state, the energy 
stored in 

the lamp inductor L5 maintains the current flow through the 
corresponding 

freewheeling diode D2 and D3 , respectively. The lamp inductor L5 
forms a 

series resonant circuit with the resonance capacitor C6 . The 
electrical 

components of the circuit arrangement are dimensioned in such a way 
that, in 

order to ignite a gas discharge in the low-pressure discharge lamp s 
LP1, LP2, a 

resonant -increased voltage is provided across the resonance capacitor 
C6 and 

across the auxiliary ignition capacitor C8 . After the gas discharge 
has been 

ignited, the series resonant circuit C6, L5 is damped by the impedance 
of the 

discharge paths of the low-pressure discharge lamps LP1, LP2 . 
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(57) Abstract 

An electronic ballast circuit for 
a gas discharge lamp includes a driv- 
en inverter (52) the high frequency os- 
cillatory ouput of which is supplied to 
a gas discharge lamp (164) through a 
current limited inductor (154) with a 
capacitor (160) in parallel with the 
V "'lamp. A protection circuit includes an 
1 additional winding (152) on the in- 
\ ductor (154) whic^jmwu^ojsJlie^p^ak 
1 voltage^dxurrej^fjte^ 
"The signal from the additional wind- 
ing (152)isfecUo^ 
^^afc5~circuir(r75) which operates 

to removeTn^dnyeJraSS^*^^ 
^ _ ^^^^eSelamp (164) if 

t hiTvoltage agr ^,theJamp CT ei5@^ 
first^redete^ Additional 
protection is provided by a voltage 
clamping circuit (166) which shorts 

out the additional winding (152) if the *woK« f rt 

voltage across the lamp exceeds a second predetermined value higher than the first before the lamp is de-energised, thereby to 
damp the resonant circuit of the inductor (154) and capacitor (160). The additional winding (152) also supplies power for a low- 
voltage stabilised supply for parts of the ballast circuit The ballast circuit can supply a number of lamps (164, 264 364, 464) con- 
nected in parallel to the driven inverter (52), a respective inductor (154, 254, 354, 454) with additional winding (152, 252, 352, 
452), and a respective capacitor (160, 260, 360, 460) being provided for each lamp. 
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ELECTRONIC BALLAST CIRCUIT FOR GAS DISCHARGE LAMP 

This invention relates to electronic ballast circuits for gas 
discharge lamps. 

Electronic ballast circuits, of the kind comprising an inverter 
having an oscillatory output for connection to a gas discharge lamp, a 
current limiting inductor in series with the output of the inverter and 
a capacitor for connection in parallel with the lamp, are well known. 
The circuits operate at a frequency at or close to the resonant 
frequency of the circuit including the current limiting inductor and 
parallel capacitor, to apply a voltage to the lamp which is high enough 
to effect ignition. In order to avoid damage to the ballast and/or lamp 
and unsafe operating conditions, it is necessary to provide protection 
means for limiting the voltage applied to the lamp. 

It is an object of this invention to provide an improved electronic 
ballast circuit. 

This invention consists in an electronic ballast circuit for a gas 
discharge lamp, the circuit comprising an inverter having an oscillatory 
output for connection to a gas discharge lamp, a current limiting 
inductor in series with the output of the inverter, and a capacitor for 
connection in parallel with the lamp, in which there are provided 
protection circuit means comprising a monitoring circuit inductively 
coupled to the current limiting inductor and means for inhibiting the 
voltage applied to the lamp on receipt of a signal from the monitoring 
means if the voltage exceeds a predetermined value. 

Preferably, the inverter is a driven inverter and the means for 
inhibiting the voltage applied to the lamp comprises means for 
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removing the drive from the inverter on receipt of a signal from the 
monitoring circuit thereby to de-energise the lamp. 

In one form of the invention, the monitoring circuit includes an 
additional winding on the current limiting inductor, and a threshold 
detector circuit arranged to supply a signal to the inverter if the 
voltage across the additional winding exceeds a predetermined value. 

In accordance with another aspect of the invention, additional 
protection means are provided to connect the additional winding in a 
closed circuit if the voltage applied to the lamp exceeds a second 
predetermined value higher than the first predetermined value, thereby 
to damp the resonant circuit of the current limi ting inductor and 
parallel capacitor to reduce the voltage applied to the lamp. The 
additional protection means preferably comprises a voltage clamping 
circuit connected in parallel with the additional winding. 

In accordance with a further aspect of the invention, a low-voltage 
supply for parts of the circuit is derived from the monitoring circuit 
inductively coupled to the current limi ting inductor. 

Suitably, means are provided to control the output frequency of the 
inverter on switch-on of the circuit so that during an initial 
preheating period a voltage lower than the striking voltage is applied 
to the lamp, following which a rising voltage is applied to the lamp 
until ignition is effected or the protection circuit operates. 

The invention will now be described, by way of example, with 
reference to the accompanying drawings in which: 
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Figure 1 is a schematic block diagram of an electronic ballast 
circuit in accordance with the invention, and 

Figure 2 is a circuit diagram of part of the circuit of Figure 1. 

Referring to the drawings, the electronic ballast circuit is 
divided into two sections, a first section 10 referred to hereinafter as 
the w line conditioner" and a second section 50 referred to hereinafter 
as the "b all ast unit". The two sections are mounted in a common housing 
200, provided with suitable terminals by means of which the input of the 
line conditioner can be connected to a mains supply 2 and the output of 
the ballast unit can be connected to a number of discharge lamps. In 
the illustrated embodiment, the circuit supplies four lamps, 164, 264, 
364 and 464, though any number of lamps could be connected to the 
circuit. 

The line conditioner 10 comprises a radio frequency interference 
(RFI) filter 12, a full wave rectifier circuit 14, and an active 
harmonic filter 16. The RFI filter 12 provides a high impedence to 
signals at the operating frequency of the driven inverter 52 and active 
harmonic filter 16, and also provides primary surge protection a gainst 
mains derived transients. The full wave rectifier circuit 14 provides 
both AC rectification and secondary mains surge protection, including 
overvoltage protection for the active harmonic filter 16. The active 
harmonic filter 16 is used to maintain a near sinusoidal input current 
from the mains supply 2. This enables the circuit to comply with 
regulations governing equipment drawing power from the public mains, 
where these apply. The elements of the line conditioner 10 may be of 



WO 89/10679 



. n _ 



PCT/GB89/00438 



generally conventional form and therefore will not be described 
further. 

The ballast unit 50 comprises a driven inverter 52, which is 
supplied with the smoothed DC output of the line conditioner 10. The 
high frequency output of inverter 52 is supplied via an inductor circuit 
154 and a capacitor 160 to the lamp 164. In addition, the driven 
inverter 52 receives inputs from a frequency control circuit 56 and a 
protecti'om circuit 55. 

Additional inductor circuits 254, 354 and 454, and capacitors 260, 
360 and 460 respectively are provided to supply the output of the 
inverter 52 to the lamps 264, 364 and 464, a common return for the lamps 
being provided through line 53 . 

The circuit of the ballast unit 50 is shown in more detail in 
Figure 2. For convenience, only one lamp 164 is shown connected to the 
circuit in Figure 2. The driven inverter 52 is a conventional 
half-bridge formed by capacitors 66 and 68, power MOSFETs 62 and 64, and 
transformer 70. The gate electrodes of transistors 62 and 64 are 
voltage clamped by zener diodes 63 and 65 and are connected to the 
secondary windings 72 and 74 of the transformer 70, the primary winding 
76 of which is connected to output terminals of the integrated circuit 
78. 

The integrated circuit 78 includes components forming parts of the 
frequency control circuit 56 and protection circuit 55. The remaining 
components of the frequency control circuit are provided by resistors 
80, 82, 84 and 86, transistor 100, capacitor 106 and diode 88. The 
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circuit is arranged to provide an initial pre-heat period, preferably 
greater than 'tOOms, during which a sufficiently high pre-heating current 
flows through the lamp. On switch-on of the ballast circuit the 
^ capacitor 106 begins to charge through resistors 84 and 86, from a 

low-voltage supply, which is provided through transistor 110 as 
described below. The transistor 102 is therefore rendered conducting, 
placing resistor 80 in parallel with resistor 82. This has the effect 
of 'increasing: the frequency of the signal applied to the primary 76 of 
transformer 70 and therefore the operating frequency of the driven 
inverter. Since the impedance of the inductor circuit 154 at this 
higher frequency is greater, the combination of the higher frequency in 
conjunction with inductor circuit 154 determines the preheating current 
of the heater electrodes of lamp 4. The value of the parallel capacitor 
160 is chosen so as to prevent the parallel combination of inductor 
circuit 154 and capacitor 160 from being sufficiently close to resonance 
at the higher frequency, thereby preventing the generation of a high 
voltage which would otherwise appear across the lamp and ignite it. 

As the capacitor 106 charges, the voltage at the base of transistor 
100 falls until the transistor is rendered non-conducting. When 
capacitor 106 is fully charged, any residual current flow due to leakage 
from the capacitor is diverted via resistor 86, effectively preventing 
transistor 100 from conducting. The frequency of the driven inverter is 
now solely determined by the resistor 82. 
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The transition between the two states is not instantaneous, and 
transistor 100 operates in the linear mode for a period of times. The 
frequency of the driven inverter decreases over this period, so that the 
parallel combination of the inductor 154 and parallel capacitor 160 
moves towards resonance, thereby gradually increasing the voltage across 
the lamp 164, until it reaches a sufficient voltage to cause the lamp to 
ignite. 

The protection circuit 55 includes an additional winding 152 on the 
inductor? circuit 15**- One terminal of the winding 152 is connected to 
ground whilst the other is connected through diode 153 and resistors 156 
and 158 to the input of threshold detector and latch circuit 170, The 
input is also connected to ground through resistor 157, across which is 
connected capacitor 159 - The output of the latch circuit 170 is 
connected to the integrated circuit 78. 

The Junction of resistors 156 and 158 is connected to the collector 
of transistor 110 forming part of a stabilised low-voltage supply, as 
described below. The base of the transistor 100 is connected to ground 
through zener diode 162, 'and -a reservoir capacitor 164 is connected 
between the collector of transistor 110 and ground. 

A voltage clamping circuit 166, which may comprise a zener diode, a 
voltage-dependent resistor or any other suitable device, is connected in 
parallel with capacitor 164. 

The winding 152 effectively monitors the peak lamp voltage and 
current. The voltage across the winding 152 is fed to the threshold 
sensing and latch circuit 170 via the voltage divider formed by 
resistors 157 and 158. If the voltage applied to circuit 170 exceeds a 
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predetermined value, a latch Is activated, and the output voltage 
supplied to integrated circuit 78 rises, causing the output to 

» 

transformer 70 to be turned off, removing the drive to the inverter and 
i de-energising the lamp. The circuit is arranged so that the latch 

circuit 170 will be actuated if the voltage applied to the lamp 164 1 
after the preheating period, rises to a value (typically in the region 
of 1200 volts) above that at which the lamp is expected to ignite. The 
latch circuit 170 includes a reset circuit to reset the circuit and 
enable the lamp to be re-started after it has been switched off. 

The capacitor 159 in parallel with resistor 157 prevents the latch 
circuit 170 responding to spurious transient voltages in the circuit. 
The slight delay thus introduced may in some circumstances allow the 
voltage applied to the lamp to increase above the predetermined value 
before the lamp is de-energised. This may occur for example when an 
additional lamp is connected to the ballast circuit whilst it is 
operating, so that the additional lamp is not subjected to the 
preheating current. In some countries, statutory regulations set an 
absolute maximum for the voltage which may be applied to the lamp. To 
ensure that the voltage cannot exceed such a limit, additional 
protection is provided by the voltage clamping circuit 166. This is set 
to conduct if the voltage at the junction of resistors 156. and I58 
exceeds a value corresponding to the maximum voltage to be applied to 
the lamp. Conduction of the device 166 effectively short-circuits the 
additional winding 152, damping the resonant circuit formed by inductor 
154 and capacitor 160 and reducing the voltage applied to the lamp 164. 
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The transistor 110 and associated components provide a stabilised 
low-voltage supply for various control circuits, including- the 
protection circuit 55 and frequency control circuit 56 f the power for 
the low-voltage supply being drawn from the additional winding 152, and 
from the additional windings on the other inductor circuits 25*h 354 and 
^5^. if lamps are connected to those circuits. 

It: will therefore be appreciated that the use of an additional 
winding: am the current limiting inductor, in accordance with the 
invention, to monitor the peak lamp voltage and current has the 
advantage of enabling three functions to be performed, namely monitoring 
the peak voltage and current to enable the lamp to be shut down if a 
predetermined threshold is reached, providing a voltage clamp to prevent 
the lamp voltage exceeding a maximum permissible level, irrespective of 
other circuit conditions, and providing power for low voltage control 
circuits of the ballast. 

It will be appreciated that modifications can be made in the 
described embodiment. For example, in an alternative form of the 
invention, the protection circuit may be arranged to increase the 
frequency of the output of the driven inverter, to reduce the voltage 
applied to the lamp, instead of removing the drive to the inverter as in 
the described embodiment. 
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CLAIMS 

1. An electronic ballast circuit for a gas discharge lamp, the circuit 
comprising an inverter having an oscillatory output for connection to a 
gas discharge lamp, a current limiting inductor in series with the 
output of the inverter, and a capacitor for connection in parallel with 
the lamp, in which there are provided protection circuit means 
comprising a monitoring circuit inductively coupled to the current 
limiting inductor and means for inhibiting the voltage applied to the 
lamp on receipt of a signal from the monitoring means if the voltage 
exceeds a predetermined value. 

2. A circuit as claimed in Claim 1, in which the inverter is a driven 
inverter and the means for inhibiting the voltage applied to the lamp 
comprises means for removing the drive from the driven inverter on 
receipt of a signal from the monitoring circuit, thereby to de-energise 
the lamp. 

3. A circuit as claimed in Claim 1 or Claim 2, in which the monitoring 
circuit includes an additional winding on the current limiting inductor, 
and a threshold detector circuit arranged to supply a signal to the 
inverter if the voltage across the additional winding exceeds a 
predetermined value. 
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4. A circuit as claimed in Claim 3t in which additional protection 
means are provided to connect the additional winding in a closed circuit 
if the voltage applied to the lamp exceeds a second predetermined value 
hig he r than the first predetermined value, thereby to damp the resonant 
circuit of the current limiting inductor and parallel capacitor to 
reduce the voltage applied to the lamp. 

5v. A circuit as claimed in Claim z f f in which the additional protection 
means comprises a voltage clamping circuit connected in parallel with 
the additional winding* 

6. A circuit as claimed in any preceeding claim, in which a 
low-voltage supply for parts of the circuit is derived from the 
monitoring circuit inductively coupled to the current Mmitiv& 
inductor. 

7- A circuit as claimed in any preceding claim, in which means are 
provided to control the output frequency of the inverter on switch-on of 
the circuit so that during an initial preheating period a voltage lower 
than the st r i k i n g voltage is applied to the lamp, following which a 
rising voltage is applied to the lamp until ignition is effected as the 
protection circuit operates. 
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